A 72-year-old man with end-stage renal disease and who was on dialysis was admitted with fever and chills. Two years previously, he had been diagnosed with caseous calcification of the mitral annulus (CCMA). Blood cultures revealed Staphylococcus aureus, and echocardiography revealed vegetation attached to the CCMA lesion, progressing to both the anterior and posterior annulus. Infective endocarditis (IE) was diagnosed and antibiotic (ampicillin) treatment was initiated. Emergent mitral valve replacement was performed after the occurrence of multiple cerebral infarctions. During surgery, we identified vegetation attached to the CCMA lesion. After surgery, the patient showed a good recovery and was discharged. This case demonstrates that IE can be complicated with CCMA.
Introduction
Caseous calcification of the mitral annulus (CCMA) represents a rare evolution of mitral annular calcification (MAC) that occurs due to the caseous transformation of the inner material. Although CCMA is usually considered a benign disease, we herein report a rare case of infective endocarditis (IE) that developed in a patient who had previously been diagnosed with CCMA.
Case Report
A 72-year-old man with end-stage renal disease and dialysis was admitted due to fever of an unknown origin and chills. He had a long history of hypertension and type 2 diabetes mellitus. We could not find any signs of infection or cerebral stroke. Two years before his admission, transthoracic echocardiography revealed a calcified mass at the base of the posterior leaflet of the mitral valve, which was diagnosed as CCMA (Fig. 1) . In comparison to the previous findings, transthoracic echocardiography at admission revealed an enlargement of the CCMA lesion, which had progressed to both the anterior and posterior annulus, but no obvious vegetation. Because blood cultures at admission yielded methicillin-susceptible Staphylococcus aureus (MSSA), we performed a transesophageal echocardiography, which revealed a 12-mm ×8-mm area of mobile vegetation attached to the base of the posterior mitral valve leaflet (Fig. 2) .
The patient was diagnosed with infective endocarditis with MSSA and was treated with ampicillin after high sensitivity to ampicillin was confirmed. The patient experienced a convulsion on day 5; thus, we performed magnetic resonance imaging, which revealed multiple cerebral infarctions without hemorrhage. We therefore performed emergent mitral valve replacement.
The posterior annulus of the mitral valve showed thickening due to caseous calcification. The vegetation was attached to the posterior mitral annulus of the second leaflet (Fig. 3A) . When the mitral annulus was incised, pasty materials flowed out from the incisions (Fig. 3B) . We used an Intern Med 57: 965-969, 2018 DOI: 10.2169/internalmedicine.9520-17 On-X bileaflet mechanical heart valve (On-X Life Technologies, Austin, USA) to replace the mitral valve. Cultures of both the resected mitral leaflets and the pasty materials in the CCMA lesion yielded MSSA.
The mitral valve leaflet tissue, which was incised for a pathological examination ( Fig. 3C and D) , showed vegetation composed of fibrin, necrotic debris, neutrophilic infiltration, inflammatory granulation tissue and a bacterial colony. Although the patient required management for heart failure, he showed a good recovery after surgery and was discharged on day 39.
Discussion
We described a case of infective endocarditis that developed in a patient who was previously diagnosed with CCMA, and which was confirmed by the examination of a tissue specimen. Surgery, which was performed immediately after the determination, achieved a successful clinical outcome.
CCMA, which is a relatively rare condition, is found in 006-0.07% of the population (1-3). MAC, a more common condition which is defined as the chronic degeneration of the fibrous ring of the of the mitral valve, occurs in approximately 10.6% of the population (3). CCMA tends to occur in older patients (mean age: 69 years) and is associated with hypertension and end-stage renal disease (particularly in those on hemodialysis), which was comparable to our case (3) (4) (5) . The pathogenesis of caseous calcification remains unclear. Hypercholesterolemia and the dissolution of lipidladen macrophages may be implicated in liquefaction necrosis (3).
CCMA more frequently develops in the posterior annulus of the mitral valve; there are few reported cases of CCMA at the anterior annulus. Harpaz et al. reported that in a series of 19 patients with CCMA, there was only one patient in whom both the anterior and posterior annulus (similarly to our case) were involved (1). Similarly, Deluca et al. reported that only 2 of 14 cases showed CCMA at both the anterior and posterior annulus, and in all other cases, the CCMA lesion was located at the posterior annulus alone (3). The reason why CCMA frequently occurs at the posterior annulus has not been reported. It may be related to the fact that MAC is more commonly observed at the posterior annulus than at the anterior annulus (6). In our case, CCMA initially developed at the posterior leaflet and extended to the anterior leaflet at admission.
The histopathological features of CCMA include the pres-ence of pasty material in the central region, a dense, amorphous and basophilic substance, sparse histiocytes and scattered calcifications that were prevalently located in the peripheral regions (7). Harpaz et al. reported that transthoracic echocardiography was sufficient for making a correct diagnosis of CCMA. The typical echocardiographic features included a round, large, echo-dense mass with smooth borders and a central area of echolucency, resembling liquefaction (1, 3) . Computed tomography (CT) may contribute to a diagnosis of CCMA. On CT, CCMA is reported to appear as a round or semilunar sharply marginated mass with a hypo-dense or hyperdense center and a calcified peripheral rim (8) . The absence of enhancement after the administration of contrast agent would be useful for differentiating CCMA from other cardiac masses, such as tumors (9) . In our case, previous echocardiography clearly showed an echo-dense mass and that was sufficient for a diagnosis of CCMA; the diagnosis was confirmed by CT.
CCMA is usually a benign lesion and rarely causes mitral regurgitation, mitral stenosis or arrhythmia (such as atrioventricular block). Thus, in many cases, surgery -or other forms of therapeutic intervention -is not required (10) .
On the other hand, some reports have revealed that CCMA may cause cerebral infarction. A review by Dietl et al. reported that patients with CCMA had significantly higher rates of cerebral infarction in comparison to patients with MAC alone (19.2% vs. 11.8%) (11) . Some of the mechanisms through which CCMA may cause cerebral infarction are as follows: (1) spontaneous fistulization and embolization of caseous material that may leak directly into the left atrium or ventricle; (2) embolization of caseous necrotic debris from the CCMA lesion; and (3) embolization of calcium and cholesterol particles. In our case, multiple cerebral infarctions occurred; however, we considered infective embolism from IE to be the cause of the patient's cerebral infarctions due to several reasons: there was no obvious change in the formation of CCMA before and after cerebral infarction, the smooth surface, the fact that no fistulization or cavity on the CCMA lesion were observed during surgery, and the presence of mobile vegetation (of >10 mm in size) due to S. aureus, all of which are known as risk factors for infective infarction in patients with IE (12) .
There is only one other reported case of IE with CCMA in which vegetation and CCMA were simultaneously confirmed by transesophageal echocardiography on admission (13) . Thus, to our knowledge, this is the first report in which IE developed in a patient who was previously diagnosed with CCMA. In addition, to our knowledge, this is the first case report to pathologically demonstrate that IE can occur on CCMA.
Considering the pathophysiology and the mechanisms of IE of MAC, it is reasonable to consider that a CCMA lesion can develop infective endocarditis. The mechanism through which MAC is infected remains unclear. Pressman et al. reported that 16 of 22 patients with vegetation on MAC were infected with S. aureus (14) . They mentioned that S. aureus adhered to the endocardium by a different mechanism from streptococcal species, and that it could have more affinity for osteoblastic changes, which would be caused inside MAC. In our case, the infecting organism was also S. aureus, thus a similar process might have occurred in the CCMA lesion. Furthermore, the protrusion of annular calcium might have resulted in turbulent blood flow and ulceration of the overlying leaflet, and the formation of a thrombus at the edge of the area of ulceration could provide a nidus for infection (15, 16) .
Based on the findings of the present case, if a patient with CCMA has a fever of unknown origin, as well as the presence of MAC, which is a strong risk factor for IE, the possibility of IE must be excluded. The echocardiographic diagnosis of IE with MAC is difficult because the vegetation is masked by artifacts and shadowing from the calcification (15) . The diagnosis of IE with CCMA by echocardiography could be more difficult than IE with MAC, because of the large mass mimicking a vegetation and progressed calcification. Blood culturing and echocardiography are needed more frequently in comparison to cases without CCMA.
The patient who experienced multiple cerebral infarctions made a successful recovery after surgery. In the present case, none of the observations were absolute indicationsaccording to recently published guidelines (17-19) -for early surgery before the occurrence of cerebral infarction. However, the appropriate timing of surgery could have been earlier because, as previously mentioned, there were several risk factors for cerebral infarction. The timing of surgery should be decided on an individual basis according to the risks, and the risks of cerebral infarction associated with MAC or CCMA should be emphasized when considering the indications for surgery in patients with IE.
In the present case, blood cultures from both the incised tissue of the mitral leaflets and the pasty materials in the CCMA lesion were positive. This helped us to diagnose IE with CCMA. Whether the bacteria penetrated the CCMA lesion from the surface, or occurred inside the material of the CCMA lesion and progressed outward, is still unknown.
Conclusion
We reported a rare case of infective endocarditis that developed in a patient previously diagnosed with CCMA. We emphasize the importance of the careful observation of patients with CCMA. When performing procedures that increase the risk of infection in CCMA patients, periprocedural antibiotics might also be considered-similarly to patients with MAC.
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